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I INTRODUCTION 
Cities change their weather! The mere fact that high concentrations of 
people, along with the things people do, tend to increase air temperature in 
the immediate vicinity of these activities. Large numbers of particulates from 
transportation and industry modify radiation from both sun and earth. For 
many centuries man has unintentionally affected his own local weather; 
often by clearing and irrigating the land, spreading concrete and asphalt, 
constructing dams which create artificial lakes, and by just being here! 
More than 200 years ago the cities began to inadvertently modify weather. 
First in Europe some 200 years ago, and more recently during the past 50 
years in the United States, the urban-industrial complexes have placed their 
fingerprints on the various phenomena we call weather. Particularly during 
the past 25 years, the rapid growth of large cities in the United States has 
brought an increasing scientific and public awareness of these fingerprints. 
In specific scientific disciplines, a number of climatologists, meteorolo-
gists and cloud physics researchers have suggested that urban areas may 
have a significant effect on local atmospheric behavior (Brooks, 1952; 
Chambers, 1955; Weickmann, 1957; Junge, 1958). More recent studies 
(Changnon, 1963, 1968) have indicated possible effects on a regional scale 
and have raised questions on causal mechanisms relevant to apparent 
precipitation anomalies and related phenomena. 
One of the first significant scientific studies concerned with the effect of 
U.S. urban complexes on weather was made in the late 1960's. Stanley A. 
Changnon of the Illinois State Water Survey studied the smoke-haze days 
during warm seasons in Chicago and related them to an increase in rainfall 
and severe storms near LaPorte, about 25 miles downwind from the large 
urban area. The analyses provided by Changnon and his colleagues gained 
considerable national attention. 
Additional studies were made on 8 major cities including Houston, Tulsa, 
Chicago, New Orleans, Cleveland, Washington, D.C., Indianapolis, and St. 
Louis. Additional weather measurements were combined with historical 
weather records within and adjacent to these urban areas. The data analyses 
clearly indicated that weather conditions are different within and near the 
cities when compared with those in the rural areas beyond the cities' influence. 
In part, the questions raised by the LaPorte and related studies (Changnon, 
1968, 1970) were responsible for the initiation of project ITREX (Illinois 
TRacer Experiment), conducted in East Central Illinois by the Illinois State 
Water Survey (ISWS) during the 1969-70 period. The investigations of ITREX, 
plus the expanding interest in "urban effects" were, in part, responsible for 
the inception of the METROpolitan Meteorological Experiment. 
Project METROMEX has been a multi-agency research program involving 
an investigation of inadvertent weather modification at St. Louis, Missouri. 
During the 1971-75 period, METROMEX brought together a loose federation 
of scientists with diverse sources of funding but complimentary research 
objectives. These scientists have represented a number of participating 
groups and agencies such as the Illinois State Water Survey, University of 
Chicago, University of Wyoming, Argonne National Laboratory, Batelle 
Northwest Laboratory, Stanford Research Institute, University of California 
at San Diego, NOAA/ERL/Wave Propagation Laboratory, and Atmospherics 
Incorporated. 
During the ITREX and METROMEX years from 1969 through 1975, principal 
investigators Stanley A. Changnon and Richard E. Semonin of ISWS pro-
vided the overall guidance necessary to properly organize and operate this 
program. The development of its structure and management may be traced 
through several documents available in the scientific literature (Changnon, 
Huff, and Semonin, 1971; Changnon, 1971; Changnon, Semonin and Lowry, 
1972; Lowry, 1973; Changnon, Huff, 1974; Lowry, 1974; Changnon, Semonin, 
1975). The final field session of METROMEX was terminated in August 1975. 
The overall research goals for Project METROMEX have changed very little 
since 1971. These original goals may be stated as follows: 
1. To identify the effects of urbanization on the frequency and intensity of 
various aspects of atmospheric behavior, among them precipitation 
production and related severe weather. 
2. To identify the factors of urbanization which are causative agents of the 
observed effects, with a view to the possibilities for purposeful mani-
pulation and management of these factors in the future. 
3. To identify the physical processes of the atmosphere through which the 
observed effects are produced. 
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4. To begin assessment of the present-day nature and magnitude of the 
impact of these modifications to atmospheric behavior on the wider 
environment-related issues of society. 
Understanding the potential urban effects on the quantity and quality of 
the water resources in Illinois, as well as other areas of the U.S., occupies a 
high priority position. The general goal of the ISWS research effort within 
METROMEX has been to define, understand and evaluate urban-induced 
precipitation alterations in the St. Louis area and elsewhere in Illinois. The 
ISWS interest in inadvertent precipitation modification is reflected in 15 
years of research and more than 25 published scientific papers on this 
subject (Changnon, et al. 1971). Within the framework of METROMEX, the 
specific research interests of ISWS include: 
1. A study of surface weather conditions (temperature, humidity and 
winds) at St. Louis to define their time-space patterns. 
2. A study of the airflow, circulation and turbulence over St. Louis. 
3. Meso-scale analyses of the synoptic weather conditions and atmos-
pheric structure in order to classify the events and relate surface 
conditions to precipitation processes. 
4. An in-depth study of surface rainfall and severe weather near St. Louis 
in order to define the time-space distribution and the presence of any 
anomalies. 
5. The identification and quantitative definition of the causes for 
precipitation anomalies. 
6. The definition of the measurements critical to define urban anomalies 
and their causes within METROMEX and at other cities. 
7. Develop systems for the improvement in urban area forecasting of 
precipitation. 
8. A study of aerosols including their general sources, their transport 
using surface-to-cloud airflow measurements and their wet and dry 
deposition on the ground throughout the St. Louis area. 
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9. A study of changes in surface and ground water quality and quantity 
downwind of St. Louis. 
10. The identification of scientific and business concerns in the local 
St. Louis area where precipitation anomalies may have relevance. 
11. Determine methods for utilization of pollution data derived from 
deposition studies. 
12. Develop definitive information on weather-climate changes due to an 
urban-industrial area and make such information available for local and 
regional planning. 
13. Development of a scientific plan for purposeful weather modification 
experiments in Illinois. 
14. Development of a system where new technologies and relevant 
knowledge can be transferred to other scientists and disciplines. 
A number of field operations tasks have been required by ISWS in the 
fulfillment of the above specific research interests. Facilities and 
instrumentation used during the 1971-1975 periods have been described in 
detail (Changnon, 1971; Huff, 1973). In general, the field instrumentation 
network and overall facilities have included: 
1. Two radar systems {FPS-18 and TPS-10) located at Pere Marquette 
northwest of the major research area which includes the city of 
St. Louis. 
2. A series of surface stations which record temperature, humidity and 
wind. 
3. A large dense network consisting of approximately 250 recording rain-
gauges and hail pads distributed evenly throughout the major research 
area of nearly 10,000 sq. km. 
4. Several "key stations" of various instruments including those that 
measure and record atmospheric electricity components, thunder, 
clouds (time lapse photography), raindrop size spectra (spectrometers) 
and a sub-network of rainwater collectors. 
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The METROMEX field operations have now concluded the five summer 
seasons during the 1971-1975 period. Financial support for ISWS research 
activities has come from the State of Illinois, the National Science 
Foundation (GA-28289, GI-33371, GI-38317, GI-39213 and GK-38329) and the 
Atomic Energy Commission (AT11-1 - 1199). For the past seven seasons 
Atmospherics Incorporated has been under contract to ISWS for provision of 
personnel, equipment, supplies and services as part of the ITREX and 
METROMEX programs. This involvement has included: 
1. A flight program designed to dispense tracer element material within 
cloud base inflow areas believed to be important to subsequent precipi-
tation mechanisms. 
2. A similar cloud base flight program designed to dispense tracer 
material directly into rain cores in order to identify scavenging 
mechanisms. 
3. The acquisition of specific particulates through standard airborne filter 
techniques. 
4. Measurement of particulate concentrations with special emphasis on 
condensation and freezing nuclei. 
5. The measurement of standard meteorological parameters throughout 
the study areas. 
6. Observations and measurements of cloud characteristics over the total 
urban-rural areas. 
A flow chart showing the interaction of ISWS METROMEX goal-oriented 
projects is shown in Fig. 1. A further ISWS flow chart which shows the 
outline of a program to investigate modification of precipitation processes 
by urban particulates is shown in Fig. 2. 
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FIGURE 1 
FLOW CHART — Interaction of Water Survey METROMEX Goal-Oriented Projects 
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FIGURE 2 
Outline of Program to Investigate Modification 
of Precipitation Processes by Urban Pollution 
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II PROJECT DESIGN 
METROMEX has been an intensive observation and measurement program. 
The processes which contribute to cloud development and subsequent 
precipitation involve complicated systems of air motions, phase changes and 
energy transfers. The observations have provided a comprehensive 
climatological data bank necessary to quantify the urban anomalies. The 
extensive physical measurements have provided an insight to the origin of 
these anomalies. 
As noted, the ISWS principal overall program interest has been to study, 
understand and evaluate any possible urban-induced precipitation changes 
relevant to the quantity and quality of water resources in Illinois. Within the 
framework of these possible changes, the concentration and movement of 
particulates through the storm system, as well as the measurement of 
related meteorological parameters, are items of first order importance in the 
complex study of the urban environs. An in-depth understanding of the 
magnitude and causes of possible inadvertent changes around St. Louis will 
be useful in preparing for beneficial weather modification efforts throughout 
the state. 
For METROMEX 1975 ISWS provided the usual team of full-time staff 
members. Several of these people spent a large portion of their total time at 
the radar and meteorological field headquarters near Pere Marquette. 
Because of its relative proximity to the airport, a house trailer located at the 
Alton Civic Memorial Airport served as a focal point for meteorological data 
acquisition and weather forecasts. The ERDA field work was headquartered 
at the Ramada Inn on the Alton Beltline. Other members of the ISWS 
METROMEX team spent from two to four weeks at the project site and 
organized further backup support from Urbana. This total team, along with 
several students working in the field, provided the directive force for 
METROMEX, within which Atmospherics Incorporated conducted its mission 
in 1975. 
As part of METROMEX 1975, Atmospherics Incorporated provided 
personnel, equipment, supplies and services to the ISWS mission 
throughout the period 6 July 1975 through 16 August 1975. The Al flight crew 
included Donald W. Duckering (pilot-meteorologist) and Thomas J. 
Henderson (meteorologist-observer). Within the design of the 1975 program, 
the Al activities can be summarized as follows: 
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1. Airborne filter mission 
A. Using nuclepore filters, several one-hour airborne silver efforts were 
organized to obtain quantities of particulates sufficient for analysis. 
These high priority missions were accomplished to assess the 
chemical content of the aerosol over the area within and near the 
METROMEX research area. Nuclepore filter missions were accom-
plished on cloud days, no-cloud days and tracer days. 
B. Using mylar bags, inflight aerosol samples were obtained within 
specific industrial plumes where high particulate concentrations 
were evident. These bag samples were returned to ISWS field head-
quarters and pumped through the standard nuclepore filter system. 
2. Chemical tracers 
A. If a convective cloud system developed near or inside the ISWS 
rainwater collection network, a release of pyrotechnic generated 
cesium or indium was organized for the strong inflow area near 
cloud base. 
B. When a convective system was near or inside the rainwater 
collection network, a ground level tracer release option was 
organized. In this case, cesium or indium was dispensed at ground 
level in such a manner that low level windflow would carry the 
material from ground level into the cloud base of the storm system. 
3. Cloud days 
A. First priority on cloud days continued to be the tracer missions, but 
when proper opportunities were not imminent, the airborne filter 
missions occupied the next highest priority. 
B. Cloud base height measurements and updraft profiles near cloud 
base occupied secondary priority positions. As part of these flights, 
the data acquisition program included measurements of condensa-
tion nuclei, freezing nuclei and liquid water content. 
C. A final priority within the cloud day category included cloud 
structure observations and photographic records accumulated 
during certain high elevation aircraft flights around major cumulus 
cells developing outside the research area. 
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4. Minimal or no-cloud days 
A. During daytime hours, particulate mapping and meteorological 
measurements were conducted over the research area at two or 
more levels along, and at right angles to, the mean windflow. Actual 
flight levels were dependent upon temperature inversion levels, 
observed high concentrations of particulates and specific 
atmospheric conditions. 
B. In addition to the daytime mapping flights organized between 1000 
and 1800, particulate mapping and meteorological measurement 
flights were organized for the 2100-0300 time period. 
5. Photographic mission 
A. The overall photographic effort was continued with emphasis on 
vigorous cloud developments. 
B. During periods of no-cloud activity, the photographic effort was 
focused on sources of particulates at ground level and high 
concentration particulate layers over the research area. 
C. There was a continuing effort to obtain a photographic record of 
equipment, personnel and mission oriented activities. 
6. METRODATA days 
A. There were further attempts to include all participants in the 
METROMEX field project acting in concert to collect data irre-
spective of the individual group mission. The purpose of these past 
METRODATA day experiments can be summarized as follows: 
1) Observe and analyze the meso-scale distributions of heat, 
moisture and particulates in the urban atmosphere and relate 
these distributions to regions of preferential convective cloud 
initiation and enhancement of convective cloud systems. 
2) Estimate the ingestion in transport of trace chemicals by the 
convective cloud systems. 
3) Measure and interpret the microphysical behavior of precipitation 
systems under urban influence. 
In the ISWS design of this 1975 effort, the forecasting and operations 
supervisor analyzed weather conditions each morning in the 0800-0900 
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period, and again during the 1700-1900 period. Each morning at the ISWS 
field headquarters near the Alton Airport, a detailed weather briefing was 
presented at 1030 and a decision was reached as to the "go" or "no-go" 
status for flight activities. 
On "go" days the Al aircraft crew prepared for an airborne tracer mission. 
Rainwater technicians were moved into the collection network and deployed 
their equipment as directed by radio from field headquarters. These 
personnel remained in the field until directed to collect their rainwater 
bottles in the evening, then returned to field headquarters for sample 
processing. 
The FPS-18 radar as organized and operated by ISWS at Pere Marquette 
was completely refurbished in early 1975 with a fully digitized computer 
operated system. The system was operated on a 24 hour-per-day basis under 
the computer control. Radar information provided a strong and necessary 
input to Al flight activities, particularly on tracer days. 
On "no-go" days, the Al aircraft crew conducted flight missions as 
outlined for cloud days, no-cloud days, air sample missions, or 
METRODATA day activities. A map of the METROMEX 1975 primary 
operational area is presented in Figure 3. 
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FIGURE 3 
METROMEX OPERATIONAL AREA 
Research Circle and Rainwater Collection Network Boundaries 
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Ill EQUIPMENT DESCRIPTION AND PROJECT SUMMARY COMMENTS 
The major research area for METROMEX 1975 is outlined by the circle 
around St. Louis in Fig. 3. Also shown are the boundaries of the ISWS rain-
water collection network for the 1974 and 1975 seasons. Water samples from 
within these boundaries were used by ISWS in their subsequent analyses for 
tracer materials. A network of ISWS raingauges and hailpads within the 
primary research circle was used to secure quantitative measurements of rain 
distribution and provide data on the characteristics of hailstorms. 
During the 1975 season, Atmospherics Incorporated provided a turbo-
charged Piper Navajo PA-31 aircraft (N178Y) as the platform for airborne 
measurements and the release of the unique chemical tracer materials. 
Aircraft specifications and performance data are shown in Table 1. The 
primary aircraft instrumentation is shown in Table 2. A list of the airborne 
cloud physics and meteorological instrumentation is presented in Table 3. 
In order to accomplish the task outlined in Sec. II, Project Design, 
Atmospherics Incorporated logged a total of 28 flights (93.3 aircraft hours) 
during METROMEX 1975. A summary of the individual flights conducted in 
1975 is shown in Table 4. An index of the Al aircraft flight distribution during 
the five year period 1971-1975 is shown in Table 5. A total of 420.7 hours of 
flight time were logged for the 179 flights. 
Basic data acquired during the various flight missions of 1975 have been 
submitted to the Illinois State Water Survey in a number of notebooks and 
miscellaneous bound volumes. A summary of these data is presented in 
Table 6. 
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TABLE 1 
AIRCRAFT PERFORMANCE AND SPECIFICATIONS 
Al Piper Turbo Navajo 
POWER RATING 310 hp at 2575 rpm 
MAXIMUM SPEED 261 mph (227 knots) 
STALL SPEED 73 mph (64 knots) 
CRUISE SPEED 223 mph (194 knots) 
at 12,000 ft. (3,657 m.) msl. 
BEST RATE OF CLIMB 1245 fpm (6.3 m/sec.) 
SERVICE CEILING 26,300 ft. msl (8,016 meters) 
ABSOLUTE CEILING 27,300 ft. msl (8,321 meters) 
SINGLE ENGINE CEILING 15,500 ft. msl (4,724 meters) 
FUEL CAPACITY 192 gallons (727 liters) with aux. 
FUEL CONSUMPTION 27.4 gal/hr. (104 liters) at 75% power 
GROSS WEIGHT 6,500 lbs. (2,948 kg.) 
USEFUL LOAD 2,651 lbs. (1,202 kg.) less fuel 
LUGGAGE CAPACITY 150 lbs. (68 kg.) fore 
200 lbs. (91 kg.) aft 
LUGGAGE SPACE 14 ft3 (0.4 m3) fore 
22 ft3 (0.6 m3) aft 
CRUISING RANGE 1,290 miles (2,076 km.) with 45 min. reserve 
12,000 ft. (3,658 m.) 200 hp, 2,300 rpm 
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TABLE 2 
AIRCRAFT INSTRUMENTATION 
Al Piper Turbo Navajo 
1. Dual 360-channel NAV-COM systems 
2. Dual VOR systems (ILS/glide slope coupling) 
3. Area Navigation System 
4. DME (Distance Measuring Equipment) 
5. L-band transponder 
6. ADF system 
7. Marker Beacon 
8. IVSI (Instantaneous Vertical Speed Indicator) 
9. Altitude encoding system 
10. IFD radio altimeter 
11. Strobe Light System (top and bottom) 
12. Rotating Beacon (top) 
13. Six-place Oxygen System 
14. Complete de-icing system (wing, tail, props) 
15. ELT (Emergency Locator Transmitter) 
16. VHF communications - 2 channel 
Motorola (140-169 MHz) 
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TABLE 3 
- METROMEX 1975 -
Al Cloud Physics and Meteorological Instrumentation 
1. Rosemount Temperature Probe 
2. Mee Electronic Psychrometer 
3. Johnson-Williams Liquid Water Content 
4. E/One Continuous Condensation Nuclei Counter 
5. Gardner Small Particle Detector 
6. Al Portable Ice Nuclei Detector 
7. Sulfur Dioxide Detector 
8. AID Ozone Detector 
9. Data Processor and Recording System* 
*ln addition to recording the listed parameters, 
the system also recorded VOR, DME, Heading, 
Altitude, Indicated Air Speed and Rate of 
Climb and Time. 
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TABLE 4 
Al FLIGHT SUMMARY 
METROMEX - 1975 
1F 
2F 
3F 
4F 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
7/6 
7/6 
8/16 
8/16 
7/8 
7/9 
7/11 
7/12 
7/13 
7/14 
7/15 
7/17 
7/18 
7/19 
7/20 
7/21 
7/23 
7/24 
7/25 
7/26 
8/2 
8/3 
8/6 
8/8 
8/9 
8/13 
8/15 
8/15 
1028 
1741 
0818 
1219 
1114 
1402 
0010 
1500 
1342 
1404 
1318 
0014 
1316 
1343 
1350 
1407 
1439 
1340 
1346 
1330 
1657 
1344 
1530 
1356 
1419 
1703 
1314 
1638 
1523 
2215 
1329 
1749 
1345 
1700 
0337 
1852 
1724 
1728 
1641 
0321 
1647 
1657 
1636 
1715 
1738 
1710 
1755 
1602 
2018 
1757 
1823 
1658 
1808 
1800 
1508 
1731 
4.9 
4.6 
5.2 
5.5 
2.5 
3.0 
3.4 
3.9 
3.7 
3.4 
3.4 
3.1 
3.5 
3.2 
2.8 
3.1 
3.0 
3.5 
4.1 
2.5 
3.3 
4.2 
2.9 
3.0 
3.8 
1.0 
1.9 
0.9 
4.9 
9.5 
14.7 
20.2 
2.5 
5.5 
8.9 
12.8 
16.5 
19.9 
23.3 
26.4 
29.9 
33.1 
35.9 
39.0 
42.0 
45.5 
49.6 
52.1 
55.4 
59.6 
62.5 
65.5 
69.3 
70.3 
72.2 
73.1 
Ferry Flight - Fresno to Pueblo, Colorado 
Ferry Flight - Pueblo to Alton, Illinois 
Ferry Flight - St. Louis to Pueblo, Colorado 
Ferry Flight - Pueblo to Fresno, California 
Air Sample Flight #1 - NW and SE of area 
Air Sample Flight #2 - NW and SE of area 
Air Sample of Flight #3 - N and S of area (night) 
Air Sample Flight #4 - NW and far SE of area 
Air Sample Flight #5 - NW and far SW of area 
Air Sample Flight #6 - NW and SE of area 
Air Sample Flight #7 - NW and far SE of area 
Air Sample Flight #8 - N and S of area (night) 
Air Sample Flight #9 - Possible tracer mission 
Air Sample Flight #10 - TRACER RELEASE #1 - (4992 gms. Cesium) 
Air Sample Flight #11 - N/S tracks immediately E of Granite City area 
Air Sample Flight #12 - E/W tracks S. of Alton and S. of City 
Air Sample Flight #13 - Cloud base far W & SW of City 
Air Sample Flight #14 - Far upwind and photos of Canton 
Air Sample Flight #15 - Close downwind E-W tracks - 3 levels 
Air Sample Flight #16 - Baldwin Plant SE St. Louis 
Air Sample Flight #17 - SE & NW of area 
Air Sample Flight #18 - Cloud tops - N & S 
Air Sample Flight #19 - Labadie, Portage, Alton, WRR (area) 
Air Sample Flight #20 - NW & SE of area 
Air Sample Flight #21 - NNW & SSE of area 
Mylar Bag Sample Flight - Upwind and in plume - Portage des Sioux 
Mylar Bag Sample Flight - Downwind and upwind - Baldwin Plant 
Mylar Bag Sample Flight - Downwind of WRR & Alton Steel 
Flight 
Number Date T.O. 
Flight 
Land Time 
Cum. 
Time REMARKS 
TABLE 5 
Al AIRCRAFT FLIGHT DISTRIBUTION 
METROMEX 1971-1975 
Chemical Tracer Release (incl. abort) 
Air Sample and Filter Mission 
Cloud Studies and Measurements 
Instrument Checks and Calibrations 
Ferry Flights 
Total Flights 
Total Flight Hours 
5 
21 
0 
1 
6 
33 
68.9 
7 
8 
8 
10 
8 
41 
79.6 
7 
5 
10 
15 
5 
42 
83.4 
7 
14 
3 
7 
4 
35 
95.5 
1 
23 
0 
0 
4 
28 
93.3 
27 
71 
21 
33 
27 
179 
420.7 
TABLE 6 
SUMMARY OF BASIC DATA SUBMITTED TO ISWS 
METROMEX - 1975 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Summary of general weather and daily operations 
General inflight comments taped during the airborne mission 
Flight forms and maps including the project flight summary 
Operational forms containing freezing nuclei, condensation nuclei 
and photographic data 
Flight track maps 
Index of nuclepore filter missions 
26 oscillograph recorder strip charts and index 
File album of 423 black and white photographs 
File box of 445 color transparencies 
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- Purpose of Flight - 1971 
- Numbers of Rights -
1972 1973 1974 1975 Total 
ITEM DESCRIPTION 
IV OPERATIONS 
Project design and operational procedures have been described in previous 
sections. Certain changes in the ISWS operations for 1975 were dictated by 
analyses of data obtained during the 1971-1974 period. One of the major 
changes was the movement of the ISWS surface chemistry network from the 
immediate St. Louis area to another area surrounding the Alton-Wood River 
industrial complex. One of the purposes of this movement was to separate 
the effects of the Alton-Wood River effluent from the total urban-industrial 
complex. The following summary comments are relevant to specific 
operational tasks conducted by Atmospherics Incorporated during 
METROMEX 1975. 
A. Airborne Filter Missions 
The airborne filter mission was a high priority item within the total Al 
provision during METROMEX 1975. This mission had three general purposes: 
1. To determine the source strength of the St. Louis urban complex and 
identify the specific chemical species of particulates. 
2. To determine the regional disperson and ultimate destiny of the aerosol 
types during dry and rainy conditions 
3. To assess diurnal variations in 1 and 2. 
4. Focus considerable attention on point source and areal source contri-
butions from the Alton-Wood River complex. 
The desired airborne filter missions have been organized into specific 
categories. These are shown in Table 7. 
The flow rate through the filter system ranged from a low of 18 liters per 
minute to 54 liters per minute. Excluding the four lowest values (filters 1-4) 
the average flow rate was approximately 45 liters per minute. 
The total time of filtration for each filter was about one hour, although in 
two cases the time exceeded two hours. These longer missions were those 
cases when flight tracks were far upwind of the urban complex and particu-
late concentrations were known to be very low. 
Attempts were made to organize flights which would accommodate each 
of the categories listed in Table 7. However, weather conditions and time 
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TABLE 7 
AIRBORNE FILTER MISSION CATEGORIES - 1975 
A. SOURCE STRENGTH 
1. Close upwind (1a) night 
2. Close downwind (2a) night 
3. Far upwind (3a) night 
4. Far downwind (4a) night 
B. REGIONAL DISPERSION 
1. Close upwind — rain between 
2. Close downwind — rain between 
3. Far upwind — rain between 
4. Far downwind — rain between 
5. Very far upwind — dry conditions 
6. Very far downwind — dry conditions 
C. CONVECTIVE ACTIVITY PERIOD 
1. Close upwind — cloud top 
2. Close downwind — cloud top 
3. Close upwind — cloud base 
4. Close downwind — cloud base 
D. POINT SOURCE CONTRIBUTION (daytime) 
1. Wood River Refinery 
2. Alton 
3. Granite City 
4. Portage des Sioux 
E. POINT SOURCE CONTRIBUTION (night) 
1. Wood River Refinery 
2. Alton 
3. Granite City 
4. Portage des Sioux 
F. AREAL SOURCE CONTRIBUTIONS 
1. Alton/Wood River (low level) 
2. Alton/Wood River (mid-level) 
3. Alton/Wood River (high level) 
G. IN-CLOUD CHARACTERISTICS 
1. Upwind (close) 
2. Overhead 
3. Downwind (close) 
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restrictions did not permit data acquisition within every sub-category. A 
summary of all flights within the 1975 airborne filter mission is shown in 
Table 8. 
The 37 filters obtained during this mission were submitted to the Illinois 
State Water Survey for examination under their regular data analysis program. 
B. Tracer Material Release 
The development of both liquid and solid formulations for tracer materials 
has been largely the result of research activities within the Earth and 
Planetary Sciences Division (EPSD) of the Naval Weapons Center at China 
Lake, California. This group, under the direction of Dr. Pierre St. Amand, with 
significant inputs from Dr. William Finnegan and staff, has contributed a 
major portion of the expertise necessary for the proper formulation of lithium 
(liquid) and indium (pyrotechnic). During the past years of METROMEX prior 
to 1975, these two materials have provided the major sources of tracer 
elements within the ISWS field experiments. Acceptable formulations for 
both lithium solution and indium pyrotechnics are shown in Tables 9 and 10. 
TABLE 9 
LITHIUM SOLUTION FOR TRACER DISPERSAL 
2.0 parts methylalcohol 
6.0 parts acetone 
1.5 parts lithium chloride 
0.5 parts water 
10.0 
20.0 
60.0 
15.0 
5.0 
100.0% 
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MATERIAL PERCENT BY WEIGHT 
TABLE 8 
FLIGHT SUMMARY OF AIRBORNE FILTER MISSIONS - 1975 
7/8 
7/8 
7/9 
7/9 
7/11 
7/11 
7/12 
7/12 
7/13 
7/13 
7/14 
7/14 
7/15 
7/15 
7/17 
7/17 
7/18 
7/19 
7/19 
7/20 
7/21 
7/21 
7/23 
7/24 
7/25 
7/25 
7/25 
7/26 
8/2 
8/2 
8/3 
8/3 
8/6 
8/8 
8/8 
8/9 
8/9 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
N5-386 
N5-387 
N5-352 
N5-353 
N5-355 
N5-354 
N5-356 
N5-357 
N5-359 
N5-358 
N5-360 
N5-361 
N5-362 
N5-363 
N5-364 
N5-365 
N5-366 
N5-367 
N5-368 
N5-369 
N5-370 
N5-372 
N5-374 
N5-377 
N4-373 
N5-375 
N5-376 
N5-378 
N5-379 
N5-380 
N4-381 
N5-382 
N5-383 
N5-384 
N5-385 
N5-401 
N5-402 
A-1 
A-2 
A-1 
A-2 
A-1a 
A-2a 
B-3 
B-4 
B-2 
B-3 
A-1 
A-2 
A-1 
A-3 
A-1a 
A-2a 
C-4 
B-2 
C-4 
A-2 
A-2 
A-4 
C-3 
B-5 
F-1 
F-2 
F-3 
D-5 
B-1 
B-2 
C-1 
C-2 
D(1-5) 
A-2 
A-1 
G-1 
G-3 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
1800 
3.6/1.5 
1500 
1.5/3.5 
1500 
1600 
1600 
3.2/7.0 
3.5/1.5 
1800 
5000 
6500 
4000 
1700 
1800 
6500 
6500 
1600 
1750 
1750 
8500 
8500 
1138 
1244 
1425 
1540 
0056 
0215 
1532 
1700 
1406 
1549 
1430 
1550 
1345 
1520 
0047 
0207 
1512 
1400 
1520 
1415 
1435 
1550 
1500 
1425 
1410 
1528 
1638 
1419 
1735 
1902 
1440 
1556 
1555 
1420 
1540 
1515 
1636 
1226 
1330 
1525 
1640 
0156 
0315 
1632 
1800 
1506 
1649 
1530 
1650 
1445 
1620 
0147 
0307 
1617 
1502 
1640 
1516 
1535 
1650 
1700 
1700 
1510 
1628 
1738 
1519 
1835 
2002 
1540 
1659 
1815 
1520 
1640 
1615 
1736 
48 
46 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
65 
62 
80 
61 
60 
60 
120 
155 
60 
60 
60 
60 
60 
60 
60 
63 
145 
60 
60 
60 
60 
18 
18 
18 
18 
44 
44 
45 
45 
45 
45 
42 
42 
42 
42 
42 
42 
44 
38 
42 
52 
38 
50 
36 
36 
42 
46 
50 
52 
51 
51 
50 
50 
51 
54 
54 
53 
53 
864 
828 
1080 
1080 
2640 
2640 
2700 
2700 
2700 
2700 
2520 
2520 
2520 
2520 
2520 
2520 
2860 
2356 
3360 
3172 
2280 
3000 
4320 
5580 
2520 
2760 
3000 
3120 
3060 
3060 
3000 
3150 
7395 
3240 
3240 
3100 
3100 
NW of Alton area 
SE of Alton area 
NW of Alton area 
SE of Alton area 
NW of Alton area 
S of City area 
NW of Alton area 
Far S. of City area 
NW of Alton area 
Far SW of area 
NW of Alton area 
SE of Alton area 
WNW of Alton area 
Far SSE of City area 
N of Alton area 
S of City area 
Close S. of Alton area 
Close SW of Alton area 
Cloud base during and after tracer 
Close downwind SE Granite City 
Close SW Alton area 
Far SSW City area 
Cloud bases (awaiting tracer) 
Very far upwind (Canton) 
Alton/Wood River - low level 
Alton/Wood River- mid-level 
Alton/Wood River - high level 
Baldwin Plant 
SE of urban area 
NW of urban area 
NNW of Alton/WRR area 
SSE of STL area 
Area SO2 & O3 survey 
NW of urban area 
SE of urban area 
NNW of Alton/WRR area 
SSE of STL area 
Date Fil.# 
ISWS 
Fil. # 
Flight 
Mission Altitude 
Category (msl) 
Time 
"On" 
Flow 
Time 
"Off" 
Total 
Minutes 
Rate 
(Ipm) 
Volume 
(liters) -REMARKS-
TABLE 10 
INDIUM PYROTECHNIC FORMULATION 
Indium Oxide (IN2O3) 
Potassium Nitrate 
Magnesium 
Aluminum 
Organic Binder 
11.94 
56.60 
7.74 
17.18 
6.54 
100.00% 
In 1975, indium pyrotechnics were again available for use on the project. 
However, a new pyrotechnic formulation was developed by EPSD/NWC 
which utilized a cesium compound as the tracer material. This new pyrotech-
nic was developed in order to increase the total mass output of the tracer 
material over roughly the same time period as earlier pyrotechnics or liquid 
materials. The cesium pyrotechnics are stable, maintain a long shelf life, 
possess very reliable ignition and burn characteristics and are extremely 
safe for shipment and handling both on the ground and during flights in 
turbulent conditions around strong convective clouds. The pyrotechnic 
formulation for cesium is similar to the indium mix. Some of the physical 
characteristics are shown in Table 11. 
TABLE 11 
CESIUM PYROTECHNIC CHARACTERISTICS 
Total weight of mixture per flare 
Total weight of elemental cesium 
Diameter of pyrotechnic (O.D.) 
Length of pyrotechnic material 
Total burn time 
692 grams 
312 grams 
63.5 mm 
177.8 mm 
4 minutes 
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MATERIAL PERCENT BY WEIGHT 
When tracer missions are imminent, the pyrotechnic devices are mounted 
on special holding racks attached to the wings of the aircraft. The units are 
electrically ignited from inside the aircraft cabin and subsequently burn in 
place throughout the tracer application portion of each flight. During 
METROMEX 1975, two 8-position racks were mounted on the aircraft. 
Allowing for doubling the number of pyrotechnics installed at each rack 
position, the output capabilities for indium and cesium ranged from 1280 
grams to nearly 5000 grams over time periods from 1½ minutes to 4 
minutes. In the case of l ithium, the solution is burned in an airborne liquid 
fuel generator and the flow rate can be adjusted for desired amounts of the 
element. 
Cloud conditions suitable for tracer releases were minimal during the 1975 
season. However, the single flight accomplished for purposes of releasing 
cesium tracer material at cloud base was certainly one of the most 
interesting and significant test cases logged in any of the previous 
METROMEX seasons. 
In addition to the single airborne application in 1975, a total of two indium 
and one cesium ground burn experiments were conducted. A summary of 
these four tracer material releases conducted during 1975 is shown in Table 
12. An index of all tracer material releases during the 1971-1975 METROMEX 
period is presented in Table 13. 
TABLE 12 
METROMEX 1975 
SUMMARY OF TRACER MATERIAL RELEASES 
1 
2 
3 
4 
19 July Airborne 
13 August Ground 
14 August Ground 
14 August Ground 
1545 
2214 
1711 
2033 
1549 
2218                 —
1715                 — 
2037 
4992(16)                  —
6240 (20)            — 
2000 (50) 
2000 (50) 
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TEST 
CASE DATE TYPE 
TIME 
ON 
TIME 
OFF 
AMOUNT OF MATERIAL (grams) 
(incl. no. of pyro. units) 
CESIUM INDIUM 
TABLE 13 
INDEX OF TRACER MATERIAL RELEASES 
METROMEX 1971-1975 
7/29/71 
8/3/71 
8/14/71 
8/21/71 
7/8/72 
7/18/72 
7/18/72 
7/24/72 
8/3/72 
8/3/72 
8/11/72 
8/11/72 
7/9/73 
7/23/73 
7/23/73 
7/30/73 
7/30/73 
8/9/73 
8/9/73 
8/10/73 
8/10/73 
8/12/73 
8/12/73 
8/13/73 
8/2/74 
8/2/74 
8/11/74 
8/11/74 
7/19/75 
*8/13/75 
*8/14/75 
*8/14/75 
1837 
1845 
1241 
1256 
1748 
1414 
1426 
1520 
1526 
1542 
1632 
1646 
1725 
1743 
1746 
1723 
1728 
1816 
1816 
1729 
1733 
1543 
1529 
1919 
1416 
1416 
1512 
1512 
1545 
2214 
1711 
2033 
1935 
1915 
1341 
1401 
1825 
1456 
1511                  —
1650 
1536 
1612                  — 
1739 
1651                  —  
1758 
1827 
1748 
1823 
1732                  — 
1901 
1818 
1817 
1735                  — 
1621 
1531                  —  
2008 
1431 
1418                  —  
1527 
1514                  — 
1549                  —                   — 
2218                  —
1715                  —
2037                  —                  —
Totals (grams) 
1,025                 —                  —
612                 —                  —
945                 —                  —
980                 —                  — 
363                 —                  — 
636                 —                  — 
2,384                  —                  — 
91                  —                  — 
713                  —                  — 
47                  —                  — 
236                  —                  — 
456                  —                  — 
505                  —                  — 
497                  —                  — 
593                  —                  — 
698                  —                  —
670                  —                  — 
670                  —                  —
12,121 
270                —
180                 —
390                 —
592                 —
592                 —
592                 —
592                 —
296                 —
 1,200                —
 1,280                 —
 2,000                —
 2,000                —
 9,984 
4,992 
6,240 
11,232 
* Ignition and combustion at ground level 
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Date 
Time 
On 
Time 
Off 
Amount of Material (grams) 
Lithium Indium Cesium 
Tracer Test Case #1 (airborne) 
The flight was launched at 1343 as a filter mission. Between 1400 and 
1502, the flight continued as a filter mission along an east-west track 
immediately north of the Alton-Portage des Sioux line. At 1520 the second 
filter was activated for this mission but by 1527 our coordinated communi-
cations with the ISWS radar at Pere Marquette indicated a strong convective 
system with increasing intensity had moved into the area near Alton. The 
filter mission was abandoned and cesium tracer became the primary activity. 
Moving south toward Alton the aircraft encountered difficulty with air 
traffic on STL 240°. Working closely with Air Traffic Control, the aircraft 
moved east of Alton and, at 1536 was located at 301 ° TOY 4.8 miles. At 1540 
the aircraft was over Horseshoe Lake examining a second convective area 
moving up from the south. Inflow characteristics noted at cloud base 
appeared much more promising in the original area further north. At 1543 the 
aircraft had moved to a point just south of Alton and began an orbit near 
cloud base where inflow velocities were 3-5 meters per second. At 1544 the 
aircraft was located at 314° TOY 8.5 miles and 16 cesium flares were ignited. 
The aircraft continued the cesium burn along a simple track pattern toward 
the northeast and passed over Alton at 1545. Pyrotechnic burn was 
completed at 1549.7 with the aircraft located at 334° TOY 10.1 miles. At this 
time the inflow velocities were still smooth and steady at 3 meters per second. 
Following release of cesium the aircraft continued with a series of 
measurements near cloud base as this cell moved northeast through and 
beyond the rainwater collection network. The flight was terminated at 1657. 
This convective cell was an excellent example of a front-feeder system. In 
this case a long line of strong cumulus cells extended out toward the north 
in front of the main storm system. These individual developments were 
strong and rapid, each eventually merging with the main system while 
another cumulus cell continued to develop in front of the main storm area. 
During the observations following cesium application, a fantastic 
ingestion of particulate material was noted from the surface and surrounding 
area. At this cloud base area near the primary cumulus tower, Aitken nuclei 
concentrations were 6 × 104! Cloud condensation nuclei concentrations were 
nearly 7,000 per cc. Lightning was a prominent feature of this storm activity. 
In one particular case the top of the lightning discharge path was noted to be 
in the leading edge of the new cumulus tower and nearly up to the bottom of 
the anvil; within that portion of the rapid rising cumulus turret where 
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conversion of supercooled droplets to ice crystals was apparent. 
This was one of the best tracer missions experienced in the METROMEX 
series. It was clearly a front feeder of the classic type. The significant inflow 
at cloud base remained closely related to new turrets building on the north 
edge of the cell as the system propagated toward the northeast. As each new 
turret rose to the area beneath the anvil and eventually merged with the 
system, new individual turrets continued to form in front along the same line 
and eventually produce precipitation aloft, then be observed as virga, 
followed by a further rise in the cumulus tower to the anvil and eventually 
merging with the parent system. The duration of each pulsing cycle from 
time of new turret developments to its incapsulation by the system was 
approximately 20 minutes. This fits with enormous amounts of radar 
information on (1) new turret development ahead of systems, (2) the initia-
tion of first echoes aloft, (3) cyclic behavior of radar intensity values, (4) the 
location of high radar reflectivities within the cumulus towers, and (5) the 
duration of cycles on similar storms in other parts of the world. 
This type of system is easy to treat for either precipitation augmentation 
or hail suppression. The characteristics of the cells can be easily predicted 
and identified by radar. Movement of the aircraft to the proper inflow area, 
and dispersal of material is not difficult. 
The aircraft flight track relevant to this cesium application is shown in 
Figure 4. A plot of the cesium tracer deposition at ground level, as identified 
in the ISWS rainwater samples, is shown in Figure 5. 
Additional observations and comments taped during this tracer flight, as 
well as pilot notes on the standard flight forms, can be found as part of the 
total information submitted to ISWS as a supplement to this report. 
Tracer Test Case #2 (ground) 13 August 1975 
Discussions between the various segments of the ISWS team suggested 
some relevance to a simultaneous cesium and indium "dry burn" at 2 ground 
points inside the collection network. The rationale here was simply to 
identify the dispersal pattern of particulate material downwind from a point 
source under dry weather conditions. A 20-unit package of cesium flares was 
organized for the ISWS team at a ground site near Roxanna. A 50-unit indium 
package was organized for the Al team at their ground site near the Ramada 
Inn along the Beltline Highway. At 2214 the 50-unit indium flare package was 
ignited. The burn was terminated at 2219. The cesium flare package near 
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FIGURE 5 
METROMEX 1975 
CESIUM TRACER DEPOSITION 19 JULY 1975 
Illinois State Water Survey 
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Roxanna was not ignited by the ISWS team during this period. 
The indium units produced an intense white smoke cloud which rose 
straight up over the burn site and, at an altitude of about 150 ft. above 
ground level, the indium cloud moved off in an easterly direction nearly 
parallel to the Beltline Highway. In addition to the indium smoke cloud, a 
small natural cloud also formed, moving along with the indium. The indium 
smoke remained reasonably well intact for at least two miles downwind of 
the burn site, continuing to be illuminated by the lights at the various inter-
sections along the Beltline Highway. At 2235, the indium cloud had moved 
beyond all the lights at ground level and disappeared from view toward 
the east. 
Two thousand grams of indium were dispensed in this test case. 
Tracer Test Case #3 (ground) 14 August 1975 
This was the second attempt at a coordinated cesium-indium dispersal 
from ground level. A 20-unit cesium package was again organized for use at 
the ISWS ground site near Roxanna. Another 50-unit indium system was 
organized for use at a different location than test case #2, perferably at some 
point on Chouteau Island (north of Granite City). 
As the afternoon progressed, it appeared that convective activity was 
developing in the area south of the ground sites and a possibility existed for 
movement of these cells across the rainwater collection network. By 1645 a 
cell which had formed immediately south of the St. Louis Arch, moved 
northeast and was anticipated to pass slightly east of the indium site. At 
1700, a decision was made to ignite the indium package even though the 
convective cell was a bit too far east of the ground site. 
The indium package was ignited at 1711 and burnout was logged at 1715. 
During the burn period winds at the surface were very light and moving 
toward the north-northeast. Again, the indium cloud was white and dense. 
Rising slightly above ground level, the cloud moved slowly off toward the 
north-northeast in the direction of the north end of the convective cell. At 
1730, the indium cloud was still visible and continuing its slow movement 
toward the north-northeast. Some 8-10 miles beyond the indium cloud, the 
north end of the weather system was continuing to show strong inflow 
characteristics. The total storm system itself propagated more toward the 
northeast and appeared to be a bit too far east for ingestion of the indium 
tracer material. 
Two thousand grams of indium were dispensed in Test Case #3. 
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Tracer Test Case #4 (ground) 14 August 1975 
Although ignition of the 20-unit cesium package was intended to be 
coordinated with the indium burn, the convective cell appeared too far from 
the ISWS Roxanna site for possible ingestion. At 2030 that same evening the 
cesium system was ignited by the ISWS ground crew as a "dry burn" at the 
Roxanna site. 
C. Liquid Water Content Measurements 
During four of the days on which particulate sampling and general cloud 
measurements were accomplished, a series of liquid water content measure-
ments were made at various levels through developing cumulus cells. All 
LWC measurements were made with the standard Johnson-Williams 
instrument mounted on the Navajo aircraft. No LWC values exceeding 
6 gm/m3 were found in the strong updraft areas of these small cumulus 
turrets at various levels up to a few hundred feet below cloud tops. 
Some of the single convective cumulus towers continued to exhibit 
multiple "peaks" in both updraft velocity and liquid water content. The 
exterior structure of these clouds often appears as a very simple single 
growing unit. Aircraft penetrations indicate that many cloud turrets have 
interior structures which are far from homogeneous. As penetrations proceed 
deeper into these particular types of cumulus turrets, both the updraft 
velocities and the LWC levels may increase rapidly at some point a short 
distance inside the cloud. As the aircraft moves further through the turret, 
the values of both parameters may suddenly decrease, then once more 
exhibit a sharp rise as the aircraft moves further into the cell. These sharp 
increases and decreases in updraft speed and liquid water content may occur 
five or six times inside any individual turret, depending upon its maximum 
diameter. 
During METROMEX 1975, five "peaks" in the updraft velocity and LWC 
was the maximum number found in any of the penetrated small convective 
cells. It should be emphasized that these particular multiple "peaks" as well 
as other equally important parameters which probably show corresponding 
multiple "peaks", are extremely important in the design of weather 
modification programs. They are particularly important in the application of 
cloud seeding material where one wishes to efficiently and effectively modify 
a convective cumulus tower which has the outward appearance of a single 
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growing unit with homogeneous interior characteristics. 
A summary of the liquid water content measurements made by 
Atmospherics Incorporated during METROMEX 1975 is shown in Table 14. 
From LWC measurements and data from the instantaneous vertical speed 
indicator, a sample cloud depiction showing the relationship between 
horizontal profile of liquid water content and updraft speed is presented in 
Figure 6. The details of all liquid water content and updraft speed measure-
ments may be found on the recording oscillograph charts submitted to ISWS 
as one of the supplements to this report. 
D. Condensation and Ice Nuclei 
The various urban-industrial conditions which affect clouds and 
precipitation are complex and difficult to either measure or explain. Of all the 
urban products including heat and moisture, the particulates may actually 
play the major role within this complex subject of urban area inadvertent 
weather modification. 
The urban and rural areas of St. Louis have served as fascinating and 
important outdoor laboratories where atmospheric modification can be 
measured as the air mass moves over, and downwind from, a reasonably 
isolated urban-industrial complex. During METROMEX 1975, the concentra-
tions of cloud condensation nuclei (CCN), Aitken nuclei (CN), and ice nuclei 
(IN), were routinely obtained on most flights regardless of the particular 
mission. Instrumentation for measurement of Aitken nuclei included the 
E/One Continuous Particle Detector and the Gardner Small Particle Detector. 
During a few of the flights, ice nuclei were measured with an Al modified 
portable cold box. 
Very high supersaturations with respect to water (greater than 200%) are 
present within the sampling chambers of both CN COUNTERS. With the 
exception of some small ions and particles having very large contact angles, 
this high supersaturation activates almost all of the condensation nuclei 
within the size range 0.01 - 0.1 micron diameter and a particle mass range of 
10-12 to 10-16 grams. Comparative tests between the two instruments have 
been made in previous years and agreement is reasonable and consistent. 
At reduced vacuum settings on the Gardner Small Particle Detector, lower 
supersaturations are present and a measure of cloud condensation nuclei is 
possible. Using the instrument in this manner, the actual number 
concentration of CCN may not be precisely "real" but the method does 
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TABLE 14 
LIQUID WATER CONTENT MEASUREMENTS - 1975 
7/14 
7/20 
8/3 
8/9 
1654 
1700 
1704 
1710 
1714 
1530 
1531 
1534 
1536 
1537 
1703 
1704 
1711 
1712 
1713 
1716 
1717 
1718 
1722 
1732 
1733 
1734 
1737 
1631 
1634 
1636 
1705 
1710 
1713 
0.4 
0.5 
0.4 
0.5 
0.4 
0.6 
1.1 
1.1 
1.1 
1.2 
1.2 
0.8 
1.2 
2.0 
1.0 
1.2 
0.4 
1.2 
1.0 
1.0 
1.9 
2.4 
2.2 
1.1 
1.0 
0.6 
1.7 
1.1 
1.0 
0.2 
0.2 
0.3 
0.3 
0.2 
0.2 
0.4 
0.3 
0.2 
0.4 
0.3 
0.3 
0.4 
0.8 
0.4 
0.3 
0.2 
0.3 
0.3 
0.3 
0.3 
0.7 
0.8 
0.3 
0.3 
0.1 
0.5 
0.2 
0.3 
3 
4 
2 
2 
4 
2 
1 
3 
2 
1 
2 
2 
2 
2 
1 
2 
2 
3 
3 
3 
3 
5 
5 
4 
2 
1 
3 
2 
1 
7500 
7500 
7500 
7500 
7500 
10500 
11000 
11000 
11000 
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Date Time Max. 
No. of CloudTop Cloud Base Altitude of Growing( + ) 
Ave. Peaks Height Height Penetration Dissipating (-) 
FIGURE 6 
CLOUD DEPICTION SHOWING HORIZONTAL PROFILE 
OF LWC AND VERTICAL VELOCITY 
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produce a ratio between total Aitken nuclei and the larger particles which 
serve as cloud condensation nuclei. In all of the METROMEX series of 
measurements, it is encouraging to note that the numbers related to CCN 
have a strong similarity to the numbers produced by more sophisticated 
instrumentation, such as the thermal diffusion chamber designed 
specifically for the measurement of CCN. 
In the course of the Al flight program during METROMEX 1975, more than 
4,000 condensation nuclei measurements were made with the Gardner 
instrument at 674 locations over and near St. Louis. In addition to these 
manually logged spot measurements, the CN profiles were continually 
recorded by the E/One Continuous Nuclei Counter. 
Ice nuclei measurements were made with the ice nuclei detector at 283 
locations during the Al flight activities. The Al modified portable cold box 
has a range of about one nuclei per liter up to about 10,000 nuclei per liter. 
There continues to be a strong indiciation of some rich sources of ice nuclei 
throughout much of the St. Louis complex. This is particularly true 
immediately east of the Arch on the opposite side of the river from the city. 
A pungent odor, much like a strong hydroxide or iodine, is still noted in that 
particular area. Its presence always produces a significant increase in 
concentrations of ice nuclei. 
The depth of this report is insufficient to summarize all measurements and 
present a significant overview of particulate concentrations throughout the 
experimental area. However, a few points of interest have certainly emerged 
as the data have been viewed with an eye toward emission sources, visibility, 
inversion layers, cloud cover, cloud base heights, location of measurements, 
windflow patterns, general weather conditions and other important 
considerations which strongly influence the distribution patterns of 
particulates. 
Upwind and downwind of the urban area, measurements continue to show 
marked differences in both CCN and CN, with the higher concentrations of 
both often identified directly over obvious point sources and always 
downwind from the general area. The ratio of CCN to CN is certainly one of 
the most important aspects of particulate measurements over the urban area. 
The CCN/CN is not constant along any traverse across the area at any given 
altitude. High concentrations of CCN reach well into the inversion layer and, 
with the exception of the layer near the surface, often rise to some maximum 
near the top of the inversion. Another smaller "peak" is often observed at 
some altitude above the inversion layer. Variations in actual CN number 
concentrations are more extreme. 
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The horizontal distribution of CCN shows similar variations downwind of 
the urban complex indicating concentrations higher than upwind areas by a 
factor of 2 or more. In specific locations, this higher concentration may be 
as much as an order of magnitude. Because of the wide variations over short 
distances, the average values are difficult to establish and discuss, but CCN 
concentrations measured at 500 meters above the surface are often in the 
range of 500-1500 per cc upwind of St. Louis and in the range of 2,000-5,000 
per cc over or immediately downwind of the urban area. 
One of the major contributors to production of CCN is the industrial 
complex at Granite City, Illinois. Areas of lowest CCN production are usually 
found over or near the residential areas northwest, west and southwest of 
the urban complex. Of course, when easterly winds prevail, the normal back-
ground CCN concentrations over these residential areas are masked by the 
overpowering influx of particles from the urban-industrial complex. From 
these conditions, with their relevant shifts in "downwind" areas, one notes 
the difficulty in delineating an "area of effect" at any given time on any given 
day. Convergence, inversions or multiple isothermal layers, changes in wind 
directions over short distances, major shifts in wind direction with altitude, 
and the urban-industrial activity itself all play a significant role in 
establishing a "downwind area of effect". In terms of particulate production, 
CCN measurements made in the general range of 0.5% through about 5% 
supersaturation indicate CCN concentrations over and immediately 
downwind from the urban-industrial complex often exceed the concentra-
tions found over "upwind" more rural areas by at least one order of 
magnitude. 
In-cloud measurements of CN and CCN continued to be an extremely 
interesting facet of the overall airborne measurement program conducted by 
Al. Many times when penetrating small cumulus turrets downwind from an 
industrial complex, the CN measurements indicated a strong positive inges-
tion of particulates via the inflow path near cloud base. This dramatic 
increase in both CCN and CN is depicted in Figure 7. The data were obtained 
from the recorded information acquired during the flight of 20 July 1975 
while penetrating small cumulus turrets at 7500 ft msl (2286 m.) immediately 
downwind from Granite City. 
From the condensation nuclei measurements obtained during METROMEX 
1975, there continues to be a strong suggestion that CCN/CN ratios are 
continuing to increase. The first suggestion of this phenomenon appeared 
during some of the Al airborne measurements obtained in 1973. The shift in 
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FIGURE 7 
CLOUD DEPICTION SHOWING HORIZONTAL PROFILE 
OF CONDENSATION NUCLEI - 20 JULY 1975 
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ratio was not thought to be particularly significant in that year and was set 
aside as merely a part of individual fluctuations always observed near point 
sources or small area sources at ground level. In 1974 the increase in 
CCN/CN ratio was positive and very obvious. General observations made 
during aircraft flights in 1974 provided a strong insight to possible reasons 
for this increase. Changes in the size distribution of particulates was 
obvious. Many more large particles coming from industrial sources were 
noted in 1974 than in previous seasons. A relaxing of guidelines for parti-
culate emissions may have been one of the reasons for this greater number 
of larger particles. Observations and measurements of this aspect were 
continued during flight missions of 1975 and this increase in CCN/CN ratio 
appears well established and certainly significant when one attempts to 
define the urban-industrial atmosphere and its ability to produce clouds 
and precipitation. 
Data forms and oscillograph charts showing the measurements of conden-
sation and ice nuclei obtained during METROMEX 1975 have been submitted 
to ISWS as a supplement to this report. 
E. Cloud Base Height Measurements 
During METROMEX 1975, observations of cloud base heights were 
continued over the rural and urban areas. For the past five seasons, a limited 
priority has been established for these observations during flights when 
higher priority missions were not active. A sample of data collected during 
1974 and 1975 is shown in Table 15. 
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TABLE 15 
SAMPLE OF CLOUD BASE HEIGHT MEASUREMENTS 
METROMEX 1974-1975 
14 July 1974 NW-SE flight tracks centered on the Arch and parallel 
to wind flow. 
1610 
1613 
1618 
1622 
1629 
1631 
318° STL 6.7 
STL VORTAC 
135° STL 10.0 
135° STL 31.5 
135° STL 36.2 
135° STL 40.0 
2100 
2140 
2150 
2160 
2110 
2100 
SE Pere Marquette 
NW Lambert Field 
Over Lambert Field 
Over the Arch 
SE of the City 
SE of the City 
5 Aug. 1974 N-S flight tracks centered over Lambert Field and parallel 
to wind flow. 
1333 
1340 
1349 
1400 
1407 
043° STL 9.5 
142° STL 10.5 
170° STL 29.5 
142° STL 10.5 
043° STL 10.0 
1450 
1570 
1560 
1570 
1470 
Between Alton and PMQ 
Over Lambert Field 
South of Weiss 
Over Lambert Field 
Between Alton and PMQ 
13 Aug 1975 N-S flight track over Granite City and parallel to wind flow 
1507 
1510 
1520 
1530 
1541 
1545 
020° STL 18.4 
040° STL 12.2 
093° STL 21.3 
120° STL 24.9 
148° STL 27.2 
172° STL 29.6 
1920 
2030 
2150 
2180 
2010 
1910 
15 Northeast of PMQ 
10 East of PMQ 
North of Granite City 
South of Granite City 
East side of River 
South of St. Louis 
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Time 
Aircraft Position Cloud Base 
(m.h. and n.m.) Hts. (m. msl.) Physical Locations 
Time 
Aircraft Position Cloud Base 
(m.h. and n.m.) Hts. (m. msl.) Physical Locations 
Time 
Aircraft Position 
(m.h. and n.m.) 
Cloud Base 
Hts. (m. msl.) Physical Locations 
In the early METROMEX years, limited observations suggested that cloud 
base heights were slightly lower over the urban-industrial complex than in 
the upwind areas. Often the clouds were not well established and the bases 
were fuzzy and difficult to identify. Additionally, there were the isolated 
cases where "first-clouds-of-the-day" with reasonably low bases were noted 
over localized industrial complexes like the Wood River Refinery. 
During the past three years a closer and more specific examination of 
cloud base heights indicates that average cloud base elevations above the 
ground are higher than those in the adjacent rural areas. During periods 
when clouds are first developing over all areas surrounding St. Louis, the 
average cloud base heights are 4,000 - 4,500 ft. above the ground, but over 
the city itself the warmer and less humid air tends to produce cloud bases at 
5,500 - 6,500 ft. above the ground. As the convective cells move toward the 
rural areas and from the urban influence, they increase in both size and 
numbers with their bases established at elevations similar to those found 
over the rural areas upwind of the urban complex. 
In terms of the ability of any individual convective cell to produce 
precipitation, the precise effects from these cloud base height variations are 
not entirely clear. The total thickness of an individual convective cell plays a 
more important role in precipitation production than does cloud base height. 
An examination of cloud top heights has not revealed the clear cut 
differences noted for cloud base heights over rural and urban areas. 
The Al flight missions have not specifically concerned themselves with more 
than a very few cloud top observations. However, these limited observations 
certainly indicate greater cloud top heights over the areas immediately 
downwind of the urban complex, particularly downwind of the Alton-Wood 
River and Granite City areas at the time when radar first echoes aloft are 
noted. 
F. Cloud Structure Observations 
During the 1970-1971 METROMEX and ITREX programs, observations of 
cloud structures provided strong indications that many characteristics were 
related to heat and moisture anomolies, various industrial components, 
unusual particulate concentrations of both CN and CCN, point sources of 
high IN concentrations, and the sum total identified as an "urban effect". 
During the subsequent years since 1971, the continuing METROMEX 
program has provided further opportunities to observe the general 
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characteristics of cloud structures over much of the rural-urban St. Louis 
complex. 
Particulate concentrations are often much higher inside the clouds than in 
the surrounding air, horizontal temperature and moisture profiles are far from 
homogeneous, cloud base elevations have an area correspondence, and 
certainly the size distribution of cloud droplets appears to be a function of 
particulate concentrations originating from the urban-industrial complex. 
Particularly since 1972, many of the unfamiliar characteristics of clouds 
noted during the earlier periods have begun to appear as simply part of the 
"norm". Perhaps the observation experience gained around St. Louis has led 
to a belief that cumulus developments do exhibit many of the same 
characteristics noted elsewhere in the world. Cloud bases of many 
convective developments appear firm and well organized, inflow areas appear 
in predictable locations, the magnitude of any given updraft falls within the 
expected range, and cloud top characteristics are not particularly unusual. 
Although the general cloud characteristics do not now appear as 
"unusual" elements, it is very obvious that specific cloud structures are 
being inadvertently modified by effluent from the urban complex. Measure-
ments of particulate concentrations and cloud droplet sizes support the view 
that higher droplet concentrations and smaller mean droplet diameters are a 
real part of the urban influence. It seems apparent that any differences which 
exist between clouds over the St. Louis complex and those developing 
throughout areas beyond the direct urban effect are most pronounced in the 
lower portion of the cloud and not as frequently observed in the atmosphere 
above the top of the haze layer. However, there is ample evidence that large 
numbers of particulates are occasionally transported to higher elevations 
well above the top of the haze layer and mixed with, or were already mixed 
with, the upper portions of convective cells. 
Extreme variations in the horizontal and vertical distribution of particulates 
at elevations above 3,000 meters msl continue to be noted during 
measurement flights. Many examples in the general observations can be 
noted which are similar to those obtained during the flight mission of 
20 July 1975. Inflight notes direct from the meteorologist's log provide 
interesting information. 
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Time Observation 
1530 At 1700 meters msl climbing to make penetrations of small 
cumulus turrets downwind from Granite City. 
1537 2,000 meters msl. We have been penetrating the small cumulus 
development downwind at Granite City and note updrafts in the 
range 2.5 - 3.0 meters per sec. with LWC measurements to 0.9 
grams per cubic meter. 
1552 At 2,370 meters msl noting the fantastic increase in CN inside the 
cloud as compared to measurements in clear air surrounding the 
cloud. Note sample point 307 (inside cloud CN = 1.3 × 104 per cc) 
and sample point 308 (CN outside cloud = 1,800 per cc). 
1614 At 2,710 meters msl. 140° TOY 6.1 n.m. We are circling in this 
area and shooting pictures of the downwind clouds noting the 
ingestion of material from the surface up into the clouds as 
indicated on the CN counter. 
1621 At 1,690 meters msl and descending in clear air. We are just 
penetrating the top of the haze layer and noting the sudden 
increase in particulate concentration. Interesting that at this level 
in clear air the particulate concentration is reasonably close to 
that found at much higher levels inside the cloud. Note sample 
point 310 (CN just below top of haze layer = 2.5 × 104 per cc). 
As in previous years there are many days when the top of the haze layer is 
higher than cloud bases. Often the lower 700 meters of newly developing 
cumulus turrents appear to be strongly influenced by this high particulate 
concentration. One is struck with the thought that these convective cells 
"have their feet buried in the mud". On other days, small cumulus cells are 
noted to grow with their bases precisely at the top of the haze layer. 
Substantial mixing occurs whenever strong convective activity is present. 
Severe storms, either air mass or squall line types, which develop near the 
experimental area, continue to produce many of the familiar cloud 
characteristics; well defined bases, easily delineated inflow areas, strong 
inflow shelf ahead of the squall lines, newly developing cloud turrents along 
the flanks of air mass thunderstorms, and the normal cyclic behavior of 
cloud top elevations and precipitation intensities. 
Observations of cloud characteristics accumulated during METROMEX 
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1975 continue to support the image of "normal" cumulus developments with 
"abnormal" inputs from many particulate sources. This composite view is 
one of high concentration particulate emissions from the surface, mixing 
with and influencing the lower portions of convective cumulus cells, 
subsequent growth to well defined turrets which have physical characteristics 
similar to those observed elsewhere, and the transport of particulates to 
most all cloud levels. The clouds throughout the urban area are developing 
and dissipating in ways which are strongly influenced by the type and 
concentration of particles transported from these lower elevations even 
though many of the cloud characteristics appear "normal" and identifiable. 
G. Inflow Mapping 
Inflow mapping was not a strong priority item during METROMEX 1975. 
The filter mission and tracer release aspects occupied most of the flight 
time, with cloud structure and related measurements as a strong second 
priority. It should be noted that future inflow mapping requirements should 
allow for one person fully assigned to that specific duty onboard the aircraft. 
General observations and a few minimal measurements can be obtained by 
the pilot during some of the flights but it is not possible to acquire data 
suitable for mass flux determination over the St. Louis area unless one 
person has this full responsibility. The pilot is just too busy! 
It is possible to predict the location of important inflow areas from 
observations of physical characteristics at cloud base. During METROMEX 
1975, no unusual characteristics were noted that were not a part of observed 
characteristics during previous seasons. At times, the bases of some 
convective clouds still remained ragged and diffused, particularly over the 
Granite City, Wood River and Alton complexes. 
The following is a review of comments derived from observations and 
measurements obtained during METROMEX 1975 and previous seasons 
which seem relevant to the developing and dissipating convective cumulus 
activity over and downwind of the urban area. 
1. Very little inflow activity is noted along the trailing edges of most 
systems, although there is occasionally some strong inflow along the 
western and southwestern edges of cumulus cells when vigorous feeder 
clouds are a part of the total system. 
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2. There are cases of strong convective activity in which newly developing 
cumulus towers form in lines ahead of the parent cell which eventually 
merge with the parent cell as the precipitation propagates 20° - 40° to 
the right of the developing feeder cloud. 
3. Squall lines and vigorous developing lines of cumulus cells do produce 
a strong recognizable inflow shelf ahead of the cloud system. In most 
cases, the inflow is steady, although severe turbulence is noted when 
chaotic cloud conditions are in the area of, but not attached to, the 
inflow shelf. 
4. It is extremely difficult to identify positive inflow areas at cloud base 
during periods of dissipating cloud systems or very weak thunderstorms. 
5. In years prior to 1974, significant inflow at levels above 2500 meters msl 
was not obvious. Beginning with the 1974 season and continuing 
through 1975, a few cases have been noted where inflow is evident 
above the inversion close to the edges of rising turrets. Measurements 
of particulate concentrations provided the data base for this conclusion. 
6. In those cases where convective cumulus cells develop as "first-clouds-
of-the-day" over the Granite City area or the Alton-Wood River complex, 
the inflow air relevant to these clouds is identifiable and can be 
measured. As the clouds maintain reasonable strength and their life 
cycles extend beyond 30 minutes, inflow areas appropriate to the 
application of tracer or cloud seeding materials are more easily 
identified. 
7. Convective cumulus cells developing over and around the St. Louis 
urban area can now be categorized in such a way that proper placement 
of tracer materials and cloud seeding agents can be a relevant part of 
the design of an applied research weather modification program. 
Photographs, both color and black & white, have been submitted to the 
ISWS as part of this mission. They provide an important input to any 
subsequent study of general cloud characteristics. 
H. Ozone and Sulphur Dioxide Measurements 
Ozone (O3) measurements were accomplished on a few airborne missions 
with the AID Ozone Analyzer (Analytical Instruments Development, Inc., 
Pennsylvania). The instrument was loaned to Al by the Atmospheric Science 
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Research Center, State University of New York at Albany. Chemiluminescence 
is utilized as the detection principle and a small laboratory bottle of ethylene 
is a required part of the instrument. For METROMEX 1975, the O3 recording 
was normally organized for the range of 0-100 ppb. Background readings 
around the St. Louis area were found to be in the 40-60 ppb range, although 
extreme variations were noted in the vicinity of certain point sources of 
effluent discharged from the surface. 
Airborne measurements of sulphur dioxide (SO2) were obtained with the 
Model-600 SO2 analyzer (Sign-X Laboratories, Connecticut). The instrument 
was loaned to ISWS by Battelle Pacific Northwest Laboratories. The system 
included the analyzer, a scrubber accessory and a pre-amplifier. Inasmuch as 
SO2 is highly soluble and readily ionizable in water, an air sample can be 
drawn into the instrument, mixed with low conductivity water and the 
resultant increase in conductivity can be measured. An SO2 scrubber is 
required because of the sensitivity of the analyzer to CO2. Filtering the CO2 
without simultaneously removing the SO2 is difficult. Therefore, the SO2 is 
absorbed in the deionized water and resin solution, and the CO2 background 
is determined. This leaves the SO2 determination a matter of subtraction. 
The SO2 recording was normally organized for the 0-2 ppm range. Unfor-
tunately, the sensitivity of the instrument is not adequate to determine low 
SO2 concentrations found in the normal background over rural areas. 
However, as concentrations rise above about 1 ppm, the instrument is 
capable of providing reasonable accuracies. During METROMEX 1975, the 
airborne detection of SO2 in various power plant plumes was organized as a 
part of a few flight missions. 
A depiction of SO2, O2 and CN concentrations, as derived from flight data 
obtained during one of the airborne missions between Portage des Sioux and 
Wood River Refinery, is shown in Figure 8. 
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FIGURE 8 
Depiction of SO2 , O3 and CN Concentrations 
along Flight Path from Portage des Sioux to Wood River Refinery 
— METROMEX 1975 — 
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One of the most important aspects of the data in Figure 8 appears to be 
the sudden decrease in O3 concentrations within the power plant plumes. 
This has been noted over other areas around the St. Louis complex such as 
Baldwin and Labadie power plants plus a few small isolated locations which 
have localized plumes of unknown origin. 
I. Photographic Mission 
Photographs have been a strong part of all METROMEX missions during 
the 1971-1975 period. Subject material has included equipment, personnel, 
plume sources and downwind patterns, inversion layers, cloud characteris-
tics, tracer material activities and general project photos of other 
participating groups. The overall photographic effort has included 2¼ × 2¼ 
color transparencies, 2¼ × 2¼ black and white, and 16mm color cine 
footage. 
Some selected black and white photographs are included in this report. An 
index of the total photographic effort provided by Al to ISWS during the 
1971-1975 period is shown in Table 16. 
TABLE 16 
INDEX OF PHOTOGRAPHIC EFFORT — METROMEX 1971-1975 
Year 
1971 
1972 
1973 
1974 
1975 
TOTAL 
Color Transparencies 
258 
277 
259 
232 
430 
1456 
Black and White 
250 
273 
319 
311                          — 
423                          —
1576 
16mm color 
460 
380 
220 
1060 (ft) 
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V RESULTS, CONCLUSIONS AND RECOMMENDATIONS 
Within the framework of METROMEX 1971-1975, Atmospherics Incorpo-
rated has provided a preliminary organization of data collected during its 
aircraft flights and has further examined these records for their usefulness in 
delineating inadvertent weather modification effects from the St. Louis 
urban-industrial complex. The Illinois State Water Survey has retained 
responsibility for total data reduction following these overall field efforts. 
This preliminary examination of all data collected by Atmospherics 
Incorporated during the 1971-1975 seasons, plus a number of visual 
impressions formed during individual flights, has produced concepts which 
may be useful to future research and operational programs. These concepts 
and impressions can be summarized as follows: 
1. Particulates, temperature and moisture (or lack of it) from the total 
urban complex continue to produce a strong influence on the location 
of "first clouds of the day". The individual effects from such sub-
complexes as Alton-Wood River and Granite City areas are specific and 
can be separated from the downtown St. Louis area, as well as other 
area sources within the overall complex. 
2. On any given day, the effects from particulates, temperature and 
moisture have a significant influence on nature's ability to produce a 
cloud as well as form subsequent precipitation from any particular 
weather system. 
3. The temperature "bubble" produced by the urban complex is well 
established and the magnitude appears to be something on the order of 
2°C. The configuration and extent of this "bubble" is strongly affected 
by the wind direction and velocity. It becomes diffused at altitudes 
above 1500 meters msl and at various distances downwind from the 
urban complex. 
4. Throughout the five year study period, average particulate concentra-
tions continued to increase throughout the general rural areas sur-
rounding the St. Louis complex, as well as over the metropolitan 
area itself. 
5. In 1973, the condensation nuclei measurements suggested the first 
recognized increase in the CCN/CN ratio as well as the previously 
noted increase in the total CN concentration. There appears to be no 
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correlation between general visibility and total particulate concentra-
tions on any given day. 
6. Under stable conditions when very small convective clouds are noted 
throughout the area, cloud base heights can be 125 - 310 meters higher 
over the city than over many of the surrounding areas. During periods 
following the time of "first clouds of the day", and until significant 
storms develop, cloud top heights can be 150 -460 meters higher over, 
and immediately downwind from, specific sub areas within the total 
urban complex. 
7. On several occasions, the cloud base heights over the Alton-Wood 
River complex and the Granite City industrial area were noted to be 100 
- 160 meters lower than those over the surrounding area, but these were 
on days when relative humidity was high. 
8. A number of transport mechanisms exist which move high concentra-
tions of particles from low levels to altitudes reaching above 3700 
meters msl. There is ample evidence that strong convective cells do 
ingest particulates into their own systems, many of which are ejected 
through the anvil and others distributed throughout the outflow air and 
within precipitation columns. Ingestion of particulates by developing 
cumulus cells does not appear to be the only transport mechanism to 
higher elevations in the atmosphere. 
9. Precipitation continues to be a significant cleansing mechanism over 
the St. Louis area. However, the measurements of particulate concen-
trations and observations of general visibility following heavy rain-
showers, indicates an extremely rapid increase in particulate concentra-
tions following a strong cleansing rain. Individual cases have been 
documented which show moderate to heavy rainshowers passing over 
narrow plumes near ground level without disturbing their configuration. 
10. The presence of ice particles in the upper portions of clouds where 
temperatures are no colder than -3°C continues to be an extremely 
important aspect of cloud top characteristics. The mechanism for ice 
formation at these relatively warm temperatures is still not clearly 
understood. This particular aspect deserves a continuing high priority 
investigation! 
11. Freezing nuclei concentrations continue to have wide variations 
depending upon the location of the sample area in both horizontal and 
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vertical profiles. There are "favored" areas where high freezing nuclei 
concentrations are almost always present. Of particular interest is the 
area across the river east of the Arch and in those areas immediately 
downwind from steel plants at Alton and Granite City. 
12. Recognizable cloud characteristics are now a reasonable spin-off from 
the overall METROMEX studies. Significant weather modification 
experiments and operational programs can now be designed for, and 
conducted in, a number of areas throughout east-central United States, 
even when the specific area may be under the influence of high 
particulate concentrations. The application of materials at cloud base 
and/or cloud tops can be organized to fit an experimental design. 
13. Some of the wide variations in ice nuclei concentrations are associated 
with a "poison" effect from certain industrial sources. Primarily among 
these sources are oil refineries and large power generation plants which 
utilize coal or oil. 
14. At any given altitude, the horizontal profile of ozone concentration is 
reasonably homogeneous except in some areas where single source 
plumes are producing high particulate concentrations such as the 
Baldwin, Labadie, and Portage des Sioux plants. In these plumes ozone 
concentrations are reduced to near zero. 
15. Requests for predetermined flight paths, flight location flexibility, 
aircraft operation safety considerations, and other aspects relevant to 
Air Traffic Control rules and regulations continue to be a priority "area 
of concern". An upgrade in project aircraft tracking capability plus a 
more specific project input to ATC is strongly recommended. 
16. Aerosol production by gas-to-particle conversions over the urban 
complex was not considered in the Al portion of the overall 
METROMEX program. However, this is an extremely important aspect 
to the production of particulates and the subject deserves considerable 
attention in programs which may succeed METROMEX. 
17. Both the tracer material experiment and the air sample missions should 
now be extended to areas well beyond the St. Louis urban complex, 
perhaps into the Chicago-Gary industrial complex. AREAMEX or 
MEGAMEX now appears feasible. 
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groups: National Science Foundation, the Energy Research and Development 
Administration, and the State of Illinois. The METROMEX concept and 
planning sessions would have been irrelevant without the encouragement 
and support of these groups. 
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Cloud physics research and tracer material aircraft. Lithium tracer mixing 
room at East Alton. Aft and forward views of lithium liquid fuel tracer 
generator on Al aircraft. 
Alton Civic Airport; Al Navajo at Alton with "first 
cloud of the day" over Wood River Refinery in the 
distance; Dr. William Finnegan and Dr. John Carroz of 
the Navel Weapons Center, China Lake, watch Don 
Duckering of Al prepare the liquid fuel tracer material 
generator for flight. 
Dick Semonin and rawinsonde plotter; Doug 
Jones and Semonin examine Metromex data; 
Bernice Ackerman models 81-5 identification 
while unknown observer ponders the situation. 
Rawinsonde system and radar equipment at Pere 
Marquette, field headquarters for ISWS. 
Stanley A. Changnon, Jr. 
R. Stahlhut, N. Doeskin, D. Brunkow 
Radar Antenna - Pere Marquette 
R. Stahlhut, P. Schickadanz, D. Skaggs 
P. Schickadanz, D. Skaggs, 
S. Changnon, D. Brunkow 
Radar and Meteorological Instruments -
Pere Marquette 
Upper left: Planning Session — DIRKS, CATANEO, SEMONIN, AUER 
Upper right: Digital Data Acquisition and Processing Package 
Lower Left: Don Duckering in Al Cloud Physics Aircraft 
Lower right: Don Gatz organizes Nuclepore Filter System 
16-position flare rack and indium pyrotechnic tracer units on the Al air-
craft. In-flight view of pyrotechnics on the airborne holding racks. Lithium 
liquid fuel generator in operation. Indium pyrotechnics burning during racer 
mission. 
12 August 1972: Cloud base characteristics of severe storm. Classic 
illustrations of strong inflow shelf along the leading edge of severe thunder-
storm. This location provides proper input area for tracer materials. 
Upper view shows pyrotechnic devices attached to the aircraft wing and 
dispersing indium as a tracer material. When placed in the strong inflow at 
cloud base, the material can subsequently be identified in rainwater 
collected at various ground stations. Lower view is the Illinois State Water 
Survey radar headquarters at Pere Marquette. Total radar system provides 
direction to Metromex Program. 
Upper left: Smoke from industrial source being drawn into the inflow area 
and rain shaft of thunderstorm. 
Upper right: Strong inflow area on trailing edge of storm. 
Lower left: Strong inflow area on leading edge of storm. 
Lower right: Convective system where inflow circles the rain core. 
Initiation of cloud over Wood River Refinery; Small 
cloud forms atop plume from plant along Missouri River; 
Small cumulus form in and on top of particulate layer over 
the urban complex of St. Louis. 
19 July 1975: From upper left to lower right: New cesium tracer 
pyrotechnics developed by Naval Weapons Center; Cesium units after 
ignition in flight; New cumulus turret growing upward toward anvil overhang 
from parent cell; Rain shower from cumulus cell treated with cesium; Spent 
cesium pyrotechnics; Al research aircraft following flight mission. 
Cumulus development sequence, 19 July 1975 
1608: View looking easterly at new 
cumulus turret growing rapidly upward 
toward anvil overhang from parent cell 
out of photo on the right. 
1610: Continuing vertical development 
of the new cumulus turret. New cells 
develop toward the north while total 
system propagates toward the north-
east. 
1612: New turrent continues to grow. 
As top of development approaches the 
anvil, and ice crystals are formed, 
some lightning is observed. 
1614: Base of new cumulus turret is 
shown where the aircraft had flown in 
the strong updraft area and cesium was 
dispensed. 
50-unit indium pyrotechnic package 
organized for ground burn as storm 
system moves by the test site. 
During the bum period a dense white 
smoke cloud is produced which moves 
slowly downwind toward storm system. 
Spent indium units following the 
ground burn test. Debris is part of the 
micarta tubing and white material on 
ground is aluminum oxide from the mix. 
Looking downwind at the indium 
smoke cloud as it moves slowly upward 
toward the cloud bases of storm 
system in distance. 
11 August 1973 1820-1824; Sudden eruptions of cloud 
"fingers" near Wood River Refinery. This phenomena is 
often seen in locations near rich sources of heat, moisture 
and particles at ground level. 
8 August 1973 1450-1515; Glaciation in upper portion of 
cloud near -2°C level (13,500 msl). Ice pellets falling at 
upper left. Cloud top proceeds to totally glaciate and blow 
off. Type of ice nuclei are unknown. 
UPPER: 26 July 1972 - View looking easterly at trailing edge of vigorous 
cloud development southeast of St. Louis. Feeder clouds such as this 
produce the strong inflow which maintains the life of the cell and 
contributes to the precipitation mechanism as the system moves across 
the land surface. 
LOWER: - Excellent example of twin turrets developing along the trailing 
edge of a storm system moving easterly from the St. Louis area. The 
identification of these strong multiple inflow areas is important in tracer 
experiments and cloud seeding projects designed to modify precipitation. 
UPPER: 13 Aug. 1972 - View from point over St. Louis area shows example 
of particulate layers at 12,500 ft. msl. The specific mechanism for 
transport of particles to this banded structure is unknown but the high 
concentration at this level in the atmosphere certainly plays an important 
role in cloud behavior. 
LOWER: 23 July 1972 - Excellent example of large cumulus system 
developing behind Wood River Refinery. The role of particulates from 
industrial sources in cloud behavior is not fully understood but there is 
strong evidence that specific kinds of particles are a major factor in a 
cloud's ability to produce precipitation. 
11 August 1973: Strange cloud characteristics inside the "dome" along the 
frontal edge of severe thunderstorm. The cloud wall inside this cathedral-like 
area appears like vertical oriented mammatus (lower photos). Strong 
non-turbulent updrafts are noted inside the dome and precipitation (top 
photos) is usually noted beyond the circumference of the area. 
Randy Stahlhut and friend 
D. Semonin, R. White, R. Beadle 
Donald Duckering 
D. Staggs, D. Jones, S. Changnon 
P. Schickadanz, C. Downie 
B. Ackerman and Russians 
